RESULTS
. INTRODUCTION L i t h i um niobate, a r e l a t i v e l y new f e r r o e l e c t r i c c r y s t a l , i s an important m a t e r i a l because i t can be used t o s i g n i f i c a n t l y extend the operating temperature o f u l t r a s o n i c transducers. Due t o i t s high c u r i e temperature (1210 "C) and the high p i e z o e l e c t r i c coup1 i n g f a c t o r s associated w i t h some cuts, improved high temperature u l t r a s o n i c transducers are possible. Since some high-temperature transducer a p p l i c a t i o n s i nvol ve exposure t o nuclear r a d i a t i o n (e. g. , under-sodi um viewing and
acoustic emission monitoring), i t i s important t o determine the e f f e c t o f t h i s r a d i a t i o n on the p i e z o e l e c t r i c p r o p e r t i e s o f the transducer c r y s t a l . I n t h i s work we measured the e f f e c t o f gamma r a d i a t i o n on the piezoe l e c t r i c p r o p e r t i e s o f l i t h i u m niobate c r y s t a l s . The e f f e c t o f gamna
exposure was determined by i r r a d i a t i n g some c r y s t a l s w i t h a gamma source and measuring the p i e z o e l e c t r i c electromechanical coupling f a c t o r , t h e d i e l e c t r i c constant, and t h e frequency constant a t progressively higher l e v e l s o f 6 0~o r a d i a t i o n . This r e p o r t out1 ines the experimental procedure and presents our r e s u l t s o f the i r r a d i a t i o n e f f e c t s .
SUMMARY AND CONCLUSIONS
W e exposed x-cut and z-cut l i t h i u m niobate transducer p l a t e s t o g a m r a d i a t i o n from a 6 0~o source t o determine the e f f e c t o f t h i s radiati on on the p i e z o e l e c t r i c p r o p e r t i e s o f the materi a1 . The e l ectromechanic a l coupling f a c t o r , t h e d i e l e c t r i c constant and the frequency constant 10 were measured before exposure and a t p e r i o d i c i n t e r v a l s up t o 10 R, t o t a l dose.
W e could d e t e c t no s i g n i f i c a n t change i n any o f these parameters up 10 t o and i n c l u d i n g t h e maximum exposure o f 10 R. This r e s u l t i n d i c a t e s t h a t li t h i um niobate i s w e l l s u i t e d f o r a p p l i c a t i o n s i n v o l v i n g exposure t o high l e v e l s o f gamma r a d i a t i o n .
DISCUSSION
The piezoelectric coupling factor i s a direct measure of the strength of the piezoelectric activity of a crystal. The piezoelectric coupling factor can be defined as the square root of the r a t i o of the electrical energy available from a crystal t o the total mechanical energy i n p u t . An alternative definition i s the square root of the ratio of the mechanical energy available t o the total i n p u t electrical energy. The coupling factor for a particular mode of vibration i s thus a measure of the effectiveness of the crystal as an electromechanical energy converter for t h a t particul a r mode.
Both x-cut (shear) and z-cut (longi t u d i nal ) 1 i thi um niobate are of interest for ultrasonic transducer ap lications, because both of these cuts have f a i r l y pure vibrational modes.
The z-cut plate i s a pure extensional mode. An x-cut plate has two shear modes; however, the coupling t o one of these modes is very weak while the other i s quite strong. The coupling factors f o r these two cuts can be readily measured t o indicate the strength of the piezoelectric activity. Since these cuts are important for transducer applications and their coupling factors can be easily measured, both x and z-cut plates were irradiated during the experiment. The coupl i ng factors were measured a t progressively higher 1 evels of radi ation from a 6 0~o source t o detect any decline i n the piezoelectric activity.
The coupling factor can be measured i n several ways. (2-9) The technique recomnended i n the IRE Standards on Piezoelectric Crystals , 1957 and 1958 involves measuring the series resonant frequency fs and the paral l e l resonant frequency f for one particular vibrational mode P of the crystal. The effective coupl i ng factor k for that mode i s then cal cul ated from In practice, the parallel resonance frequency may be obscured by unwanted resonances, making the paral l e l resonant frequency d i f f i c u l t t o determine.
A method for determining the coupling factor which does not involve measuring the parallel resonant frequencies was investigated bv h o e e t a1 and used by Warnsr e t a1 . ( ' I to measure the crystal parameters of lithium niobate. This techniaue makes use of the fact that the overtone frequencies of a thickness mode piezoelectric resonator having a high coupling factor are not integral multiples of the fundamental, b u t instead are shifted toward the higher frequencies. For a pure mode these frequencies can be cal cul ated from
where u i s the angular frequency, T i s the thickness, and V i s the ~h a s e velocity of the wave. This equation i c exact for a z-cut lithium niobate plate and i s a good approximation for an x-cut plate. Onoe has tabulated the coupling factors f o r a thickness mode resonator as a function of the ratios of the overtone frequencies ( u p t o the third overtone) to the fundamental resonance. Measurement of several overtone freouencies yields several values for k and provides a check on the consistency of the results. The dielectric constant and the frequency constant were also determined for each plate a t each level of radiation. These parameters are sensitive t o changes i n the crystal and are thus good indicators of damage. The frequency constant i s the product of the fundamental series resonant frequency f s and the controlling dimension (thickness in t h i s case) of the pl ate.
Determination of the dielectric constant a t h i g h and low frequency was made from capacitance measurements. The "free" or s t a t i c dielectric T constant e / E~ was measured a t a frequency below the fundamental series resonance (500 kHz f o r a1 1 the plates) . Measurement of the "cl amped" dielectric constant rs/ro was made a t high freauency (-100 MHz), away from any overtone resonance. A t this high frequency the crystal i s sel f-clamped. This instrument has i t s own o s c i l l a t o r and reads out both t h e magnitude o f the impedance and the phase angle. Analog recorder outputs are provided f o r t h e impedance magnitude and phase angle as w e l l as the frequency. The impedance magnitude was recorded as a f u n c t i o n o f frequency using an X-Y
recorder. A f t e r t h e resonant frequencies were located approximately, t h e scale on t h e recorder was expanded and a more d e t a i l e d graph o f the i mpedance c h a r a c t e r i s t i c s i n t h e area o f the resonance was taken.
A t o t a l o f f o u r p l a t e s were used, two x-cuts and two z-cuts. The geometry o f the p l a t e s i s summarized i n Table 1 . Two thicknesses o f each c u t were used, one approximately 1 mm t h i c k and one about 0.2 mn t h i c k .
The p l a t e s were c u t from a s i n g l e domain o p t i c a l q u a l i t y l i t h i u m niobate
c r y s t a l . The faces were lapped and p o l i s h e d f l a t and p a r a l l e l w i t h i n 0.5 u (micron). I n t h e course o f t h e experiment, t h e c r y s t a l parameters were f i r s t 5 measured, then the c r y s t a l s were exposed t o t h e desired l e v e l (1 0 R i n i t i a l l y ) i n t h e gamma f a c i l i t y , and t h e parameters were measured again.
This procedure was repeated, increasing t h e t o t a l dose t o an order o f 10 magni tude higher l e v e l each time, u n t i l a t o t a l dose o f 10 R was attained.
One o f t h e x-cut p l a t e s was exposed ahead o f the others t o detect any change and t o make i t possible t o a d j u s t t h e r a d i a t i o n l e v e l o f t h e r emai n i n g p l a t e s , i f necessary.
The transducer p l a t e s were i r r a d i a t e d i n t h e Hanford Laboratory Gamma
Radiation F a c i l i t y (Figure 2) . The highest r a d i a t i o n dose r a t e a v a i l a b l e 7 i n t h i s f a c i l i t y i s 3.5 x 10 R/hr i n t h e i r r a d i a t i o n tubes nearest t h e 6 0~o source. Tubes f u r t h e r from t h e source have a lower dose r a t e . An 6 i r r a d i a t i o n tube having a dose r a t e o f 1.5 x 10 R/hr was used up t o a 7 7 10 t o t a l dose o f 10 R. From 10 t o 10 R t o t a l dose t h e i n n e r tube, having 7 a dose r a t e o f 3.5 x 10 R/hr, was used. Dose r a t e s i n t h e i r r a d i a t i o n tubes were measured by c e r i c s u l f a t e dosimetry techniques. Figure 3 shows t h e dose r a t e i n t h e tube nearest t h e source as a f u n c t i o n o f d i stance from t h e bottom o f the tube. This curve must be mu1 t i p 1 i e d by 0.92 t o c o r r e c t f o r decay o f the source during t h e time since the measurement was made. I r r a d i a t i o n s i n t h i s tube were c a r r i e d o u t about 7 i n . from the bottom o f t h e tube. The temperature i n t h e tube c l o s e s t t o t h e source was 208 OF, and t h e temperature i n t h e o u t e r tube was 98 OF.
RESULTS
Our measurements on t h e u n i r r a d i a t e d c r y s t a l s show good agreement, i n most cases, w i t h published values. These measurements are summarized i n Table 1 which a l s o shows the published values(') f o r the parameters. W e measured a somewhat higher value f o r t h e coupling f a c t o r f o r z-cut p l a t e s than ~a r n e r ( ' ) . This i s the o n l y s i g n i f i c a n t d i f f e r e n c e . 
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Fi gure 3. Gamma Irradi ation Faci 1 i t y W e could detect no s i g n i f i c a n t change i n any of the parameters f o r 10 radiation exposure levels up t o 10 R. These measurements a r e summarized i n Tables 2 through 5. The deviations i n the tables are a l l w i t h i n the measurement e r r o r s . These data indicate t h a t the crystal i s e s s e n t i a l l y unaffected, as evidenced by the e s s e n t i a l l y constant values f o r the 10 parameters up t o 10 R. 
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